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(54) PRODUCTION OF SPHERICAL SILICA POWDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To readily produce a spherical silica powder having a large average 
particle diameter while enhancing the sphericity. 

SOLUTION: This method for producing spherical silica powder by jetting a raw material for the 
silica powder into a flame comprises mixing the raw material for the silica powder having a 
particle distribution of 20-80 |im average particle diameter d50 f >10 |j.m 10%-accumuIated 
particle diameter d10 and <5 ratio of d90/d10 (d90 is the 90%-accumulated particle diameter), 
with a carrier gas, and jetting the mixed materials at 5-40 m/s gas flow rate. Especially, the raw 
material for the silica powder is jetted between the inner flame and the outer flame. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of injecting the charge of silica powder Suehara and manufacturing 
spherical silica powder in a flame The above-mentioned charge of silica powder Suehara is mean- 
particle-diameter d50=20-80micrometer, more than accumulation 10% particle diameter 
dl0=10micrometer, and d90/dl0 <=5 (however, d90 is 90% particle diameter of accumulation.). The 
manufacture approach of the spherical silica powder characterized by having particle size 
distribution, making it mix in carrier gas, carrying out [ s ] the gas flow rate in 15-40m /, and 
injecting it. 

[Claim 2] The manufacture approach of the spherical silica powder according to claim 1 
characterized by injecting the charge of silica powder Suehara between an inner flame and an outer 
flame. 

[Claim 3] The manufacture approach of the spherical silica powder according to claim 2 
characterized by the degree of sphericity in 45-80 micrometers of spherical silica powder being 0.9 
or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the suitable spherical 

silica powder for the filler for semi-conductor resin seals. 

[0002] 

[Description of the Prior Art] What fused the silica with high purity at the elevated temperature, and 
was cooled has the amorphous network structure, and since it is low expansibility, thermal shock 
resistance, and low-fever conductivity, it is used as a heat-resisting material. Moreover, the powder 
also has stable and high insulation chemically, since there is also little RF dielectric loss, it is used as 
a filler for semi-conductor closure resin, and especially the spherical thing is useful to improvement 
in a fluidity or restoration nature. Since the thing near a real ball is excellent in restoration nature, a 
fluidity, and metal mold-proof abrasiveness especially, the high filler of a degree of sphericity has 
been pursued. 

[0003] Generally, when carrying out melting balling-up of the crushing article raw materials, such as 
a silica, if the fines particle in a raw material is independent, it cannot spheroidize easily, and fines 
particles or a fines particle, and a coarse powder particle carry out fusion association, and it turns 
into a coarse particle from a raw material in many cases. Moreover, since it is hard to fuse a coarse 
powder particle compared with a fines particle, the longer flame residence time is needed. 
[0004] Therefore, if the raw material ground more coarsely is only used when manufacturing a high 
degree-of-sphericity filler with a coarse grain size, the degree of sphericity of the obtained particle 
will fall by the fusion of a fines particle and a coarse powder particle. Furthermore, depending on the 
rate of flow of the carrier gas in which silica raw material powder was made to mix, melting 
spheroidizing [ of a coarse powder particle ] becomes inadequate. 

[0005] Although making 3-60 m/s and a combustion flame gas flow rate into 30 - 200 m/s for the 
carrier gas rate of flow of the melting raw material in a melting raw material exhaust nozzle is 
proposed in the JP,6-56445,A official report in order to solve this problem, no consideration is made 
about the fall of the degree of sphericity by fusion. In case the charge of silica powder Suehara 
which contains a coarse particle 45 micrometers or more especially is spheroidized, nothing is 
indicated about the fall improvement of the degree of sphericity by fusion. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above, and the 
purpose is raising spherical fused silica powder with big mean particle diameter, and manufacturing 
the degree of sphericity for it easily. 
[0007] 

[Means for Achieving the Goal] The technical problem of this invention can rationalize the particle 
size distribution and jet velocity of the charge of silica powder Suehara which are injected by the 
flame, and can attain them by optimizing a melting condition. 

[0008] Namely, this invention is set to the approach of injecting the charge of silica powder Suehara 
and manufacturing spherical silica powder in a flame. The above-mentioned charge of silica powder 
Suehara is mean-particle-diameter d50=20-80micrometer, more than accumulation 10% particle 
diameter dl0=10micrometer, and d90/dl0 <=5 (however, d90 is 90% particle diameter of 
accumulation.). It is the manufacture approach of the spherical silica powder characterized by having 
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particle size distribution, making it mix in carrier gas, making the gas flow rate into 1 5 - 40 m/s, and 
injecting it, and is characterized by injecting the charge of silica powder Suehara between an inner 
flame and an outer flame especially. The degree of sphericity of the powder in the particle size of 45- 
80 micrometers is especially suitable for the manufacture approach of this invention for obtaining the 
spherical silica powder which is 0.9 or more. 
[0009] 

[Embodiment of the Invention] Hereafter, this invention is explained in more detail. 

[0010] The silica powder of the raw material used by this invention grinds the silica which uses 

comparatively good Si02 as a principal component, Xtal, silica sand, etc. with means, such as a 

vibration mill, performs two classifications or more preferably, and is obtained. 

[001 1] In this invention, the big description is in the particle size distribution of the charge of silica 

powder Suehara, mean particle diameter d50 is 20-80 micrometers, and it is that it is important that 

10 micrometers or more of 10% particle diameter dlO of accumulation are 20 micrometers or more 

preferably, and it moreover fills d90/dl0 <=5. 

[0012] Spheroidizing [ of a particle ] will become inadequate, if the distribution at the time of raw 
material injection worsens [ the mean particle diameter d50 of the charge of silica powder Suehara ] 
by less than 20 micrometers, a degree of sphericity falls and 80 micrometers is surpassed. The rate of 
a particle that on the other hand the 10% particle diameter dlO of accumulation can spheroidize if the 
rate of a fines particle increases, the rate which it and a coarse powder particle fuse increases, and the 
fall of a degree of sphericity is caused in less than 10 micrometers and d90/dl0 surpass 5 decreases, 
and the rate of acquisition of the fused silica powder with a particle size of 45-80 micrometers of a 
high degree of sphericity falls. It becomes impossible for neither of the cases to manufacture easily 
the spherical fused silica powder of a high degree of sphericity with big mean particle diameter these 
results. As for the particle which surpasses 80 micrometers generated by grain refining of the charge 
of silica powder Suehara, or the obtained classification of spherical fused silica powder, in this 
invention, it is desirable to return and carry out a reuse to a raw material process. 
[0013] 1.8 micrometers and d90/dl0 have [ a conventional typical example / 17 micrometers and the 
10% particle diameter dlO of accumulation ] mean particle diameter d50 specific [ the particle size 
distribution of a charge of silica powder Suehara like this invention ] compared with having been 
about 34. 

[0014] The charge of silica powder Suehara mixes those, such as oxygen gas, in carrier gas, and 
melting spheroidizing is injected and carried out into a flame, and it serves as powder of a high 
degree of sphericity . Formation of a flame is performed by inflammable gas and assistant ** gas, 
such as oxygen and air, and acetylene, ethylene, a propane, butane, etc. are used as combustible gas. 
[0015] In this invention, in case it is made to mix in carrier gas and the charge of silica powder 
Suehara is injected, it is that it is important to make desirable the carrier gas rate of flow in 20-30m/s 
15 to 40 m/s. These conditions differ remarkably compared with a conventional typical example 
having been 48 m/s extent. If the carrier gas rate of flow causes trouble to raw material injection in 
less than 15 m/s, and raw material plugging increases by the burner and 40 m/s is surpassed, the 
flame residence time will become short and it will become inadequate melting spheroidizing it. 
[0016] As for the injection approach of the charge of silica powder Suehara, it is more desirable to 
make it inject among both flames in the inner flame and outer flame which are formed on a 
concentric circle rather than making the core of the flame formed in concentric circular inject. By 
this, even if a silica particle becomes easy to contact a flame and is a charge of silica powder Suehara 
with a big particle size, a degree of sphericity becomes high and the rate's of melting improves. 
[0017] The manufacture approach of this invention is suitable for the degree of sphericity in the 
particle size of 45-80 micrometers especially to obtain 0.9 or more spherical silica powder, and such 
spherical silica powder has an application as a filler of the resin constituent for the semiconductor 
chip closures, and becomes possible [ raising the high fluidity of resin, and high intensity more than 
before ]. 

[0018] The degree of sphericity as used in the field of this invention can be measured as follows 
using a scanning electron microscope (for example, the "JSM-T200 mold" by JEOL Co., Ltd.), and 
image-analysis equipment (for example, Nippon Avionics Co., Ltd. make). 

[0019] That is, the projected area (A) and the boundary length (PM) of a particle are measured from 
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the SEM photograph of a sample. If area of the perfect circle corresponding to a boundary length 
(PM) is set to (B), the degree of sphericity of the particle can be displayed as A/B. Then, when a 
perfect circle with the same boundary length as the boundary length (PM) of a sample particle is 
assumed, since it is PM=2pir and B=pi r2, it is B=pi x(PM/2pi) 2. It becomes and the degree of 
sphericity of each particle can be computed as degree-of-sphericity =A/B=Ax4pi/2. Then, the degree 
of sphericity of the spherical silica powder which is the aggregate of a spherical silica particle shall 
measure about 1000 particles chosen as arbitration from spherical silica powder, and shall be 
represented with the average. 

[0020] Moreover, using powder X-ray diffractometer (for example, product made from RIGAKU 
"Mini Flex"), 2theta of CuK alpha rays can analyze a sample by X-ray diffraction in the range which 
is 26 degrees - 27.5 degrees, and can measure the rate of melting which is the index of melting 
balling-up from the intensity ratio of a specific diffraction peak. That is, a crystal silica does not exist 
in this location in fused silica, although the main peak exists in 26.7 degrees, the ratio of the X-ray 
intensity [ as opposed to / if fused silica and a crystal silica are intermingled, since the peak height of 
26.7 degrees according to those rates will be obtained / the X-ray intensity of a crystal silica standard 
sample ] of a sample to a crystal silica mixed ratio of land use (X-ray intensity of the X-ray 
intensity / crystal silica of a sample) — computing — a formula and rate (%) of melting =(1 -crystal 
silica mixed ratio of land use) xlOO — since ~ it can ask for the rate of melting. 
[0021] Moreover, the particle size distribution in this invention are the values which distributed 0.3g 
of samples in water, and were measured by the laser diffraction type particle-size-distribution 
measuring device (the C lath GURANYURO meter "a model 715"). 
[0022] 

[Example] Hereafter, an example and the example of a comparison are given and this invention is 
explained still more concretely. 

[0023] The equipment used in the example consists of formation of an inner flame and an outer 
flame, a vertical-type melting furnace with which the burner which can perform injection of the 
charge of silica powder Suehara was installed among both flames, and an uptake system of the 
obtained spherical silica powder. The field in which the flame is formed is a melting zone, there is a 
cooling zone where cooling solidification of a melting particle is performed following it, and the air 
for cooling can be supplied now from near the end of a melting zone. In an uptake system, uptake 
machines, such as a gravity settling chamber, a cyclone, and a bag filter, are installed, and the 
particle according to the engine performance of those uptake machines is gradually acquired. 
[0024] One to examples 1-6 and example of comparison 5 silica was pulverized in mean particle 
diameter of about 20 micrometers by the vibration mill. The air classifier which consisted of Rhine 
of a two-set serial in this silica powder removed coarse powder and fines, and the charge of silica 
powder Suehara which has various particle size distributions was adjusted. Oxygen was made into 
carrier gas for this charge of silica powder Suehara, that rate of flow was injected as conditions 
shown in Table 1 between an inner flame and outer flames (examples 1-5, examples 1-5 of a 
comparison), or at the core (example 6) of a flame, and spheroidizing was performed. The screen 
analysis opium poppy, the rate of acquisition of the bottom particle of 80 micrometers and the rate of 
melting, and the degree of sphericity of a particle-size the particle of 45-80 micrometers were 
measured for the spherical silica powder by which uptake was carried out from the gravity settling 
chamber. Those results are shown in Table 1 . 
[0025] 
[Table 1] 
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[0026] Table 1 shows the following things. 

[0027] About the carrier gas rate of flow, when it is 15 - 40 m/s, it is 0.9 or more degrees of 
sphericity and 97% or more of rates of melting, and moreover, the rate of acquisition of the bottom 
particle of 80 micrometers improved (examples 1-5). On the other hand, when the carrier gas rate of 
flow surpassed 40 m/s, since the flame residence time was short, the rate of melting fell (example 2 
of a comparison), and trouble was caused to raw material injection as they are less than 15 m/s, raw 
material plugging happened frequently by the burner, and both the rate of acquisition of the bottom 
particle of 80 micrometers, the degree of sphericity, and the rate of melting fell (example 1 of a 
comparison). 

[0028] About the particle size distribution of the charge of silica powder Suehara, in less than 10 
micrometers, since there were many fines particles, the 10% particle diameter dlO of accumulation 
fused with the coarse powder particle, the degree of sphericity fell, and hypertrophy also advanced 
(example 3 of a comparison). Moreover, when d90/dl0 surpassed 5 (example 4 of a comparison) and 
mean particle diameter surpassed 80 micrometers (example 5 of a comparison), the rate of 
acquisition of the bottom particle of 80 micrometers fell sharply. 

[0029] Although the example 6 was performed according to the example 4 except having injected 
the charge of silica powder Suehara at the core of a flame, only in the part which did not inject 
between the inner flame and the outer flame, the degree of sphericity and the rate of melting became 
low rather than the example 4. 
[0030] 

[Effect of the Invention] According to this invention, the degree of sphericity can be raised and 
spherical silica powder with big mean particle diameter can be manufactured easily. 
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